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(54) Magnetic resonance methods and apparatus

(57) A method of locating the position of an object

placed in a region of a body being examined using a
magnetic resonance technique comprising: attaching to

the object a closed loop tuned coil arrangement; sub-

jecting said region to a magnetic resonance excitation

and detection examination sequence at the frequency

to which said coil arrangement is tuned, so as to acquire

a detected signal, the sequence including at least one

magnetic field gradient whereby the detected signals

are spatially encoded: and utilising the detected signals

to obtain an indication of the position of said coil ar-

rangement and hence said object, in said region: the coil

arrangement being carried on a tubular flexible former

and incorporating turns which lie substantially in non-

parallel planes when the axis of the former lies substan-

tially in a straight line.
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Description

This invention relates to magnetic resonance meth-

ods and apparatus.

More particularly the invention relates to magnetic 5

resonance methods and apparatus for the examination

of an internal region of a body, for example, an internal

region of the body of a live human patient for medical

purposes.

In use of magnetic methods and apparatus for ex- io

amining the body of a live human patient for medical pur-

poses, e.g. to obtain image and/or spectroscopic data,

the body under investigation is placed in a homogene-

ous static magnetic field to define an equilibrium axis of

magnetic alignment in the region of the body being ex- '5

amined. A radio frequency (r.f.) magnetic field is then

applied to the region being examined in a direction or-

thogonal to the static magnetic field direction to excite

magnetic resonance in material, typically in hydrogen

protons, in the region, and the resulting r.f. signals are 20

detected and analysed. During this sequence of opera-

tions one or more gradients are normally imposed on

the static magnetic field to cause excitation of magnetic

resonance preferentially in the region of the body to be

examined, to encode spatially the detected r.f. signals, 2s

and also for other purposes such as flow encoding.

It is sometimes required to indicate in an image ob-

tained the location of an object previously placed in the

body. In the case of a human patient the object may, for

example, be a catheter or a surgical tool for carrying out 30

an operation on the patient.

In order to enable the position of the object within

the body to be located it has been proposed to attach a

coil to the object which can be supplied with electric cur-

rent from a source 3 outside the body so as to disturb 35

locally the magnetic field applied for imaging and there-

by produce an indication of the position of the object in

the image produced by the apparatus.

Alternatively a coil attached to the object is used to

apply an r.f. field to the body locally thereby to excite

magnetic resonance in the body locally, adjacent the ob-

ject, and the resulting spins are spatially encoded by the

application of magnetic field gradients and detected.

Both these methods have the disadvantage that

electrical connections from inside to outside the body

are required which can be a severe disadvantage, even

in the case of catheters where a cable to the catheter is

provided, since the cable is required for other purposes.

In an alternative method a planar closed loop coil

arrangement tuned to the r.f. excitation frequency is at-

tached to the object. This enhances the r.f. signals gen-

erated in the region of the coil arrangement, and hence

the object, compared with those generated in other re-

gions of the body under examination. However, this

method is not found to be satisfactory where the object

is of tubular flexible form so as to be adapted to move

along a naturally occuring passage in a patient, e.g. a

blood vessel. The orientation of the coil arrangement

then changes with movement, of the object so that the

coupling of the coil with the r.f. field, and hence the de-

gree of enhancement of the r.f. signals generated, varies

as the object moves.

It is an object of the present invention to provide a

magnetic resonance method and apparatus whereby

this problem is alleviated.

According to a first aspect of the present invention

there is provided a method of locating the position of an

object placed in a region of a body being examined using

a magnetic resonance technique comprising: attaching

to the object a closed loop tuned coil arrangement; sub-

jecting said region to a magnetic resonance excitation

and detection examination sequence at the frequency

to which said coil arrangement is tuned, so as to acquire

a detected signal, the sequence including at least one

magnetic field gradient whereby the detected signals

are spatially encoded; and utilising the detected signals

to obtain an indication of the position of said coil ar-

rangement and hence said object, in said region: the coil

arrangement being carried on a tubular flexible former

arid incorporating turns which lie substantially in non-

parallel planes when the axis of the former lies substan-

tially in a straight line.

According to a second aspect of the present inven-

tion there is provided a magnetic resonance apparatus

for the examination of an internal region of a body in-

cluding means for indicating the location of an object

placed in said region comprising: a closed loop tuned

coil arrangement attached to the object: and means for

subjecting said region to a magnetic resonance excita-

tion and detection examination sequence at the fre-

quency to which the coil arrangement is tuned so as to

acquire a detected signal, the sequence including the

application of at least one spatially encoding magnetic

field gradient to said region to enable determination of

the position of the coil, and hence the object, in the body

from the detected signal, and the coil arrangement being

carried on a tubular flexible former and incorporating

turns which lie substantially in non-parallel planes when

the axis of the former lies substantially in a straight line.

In methods and apparatus according to the inven-

tion the coil arrangement preferably includes at least

one turn which lies substantially in a plane orthogonal

to the plane of at least one other turn of the coil arrange-

ment when the axis of the former lies substantially in a

straight line. The coil arrangement suitably comprises

one or more electrically conductive tracks formed on a

thin flexible substrate wrapped around the object.

A magnetic resonance method and apparatus in ac-

cordance with the invention will now be described by

way of example with reference to the accompanying

drawings in which:

-

Figure 1 is a schematic diagram of a typical mag-

netic resonance imaging apparatus;

Figure 2 is a diagram of a catheter or like object:

Figures 3A, 3B and 4 illustrate details of a coil ar-
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rangement attached to the object of Figure 2; and
Figures 5 and 6 illustrate a first alternative form for

the coil arrangement

Figure 7 illustrates a second alternative form for the

coil arrangement. s

Figures 8 and 9 illustrate a third alternative form for

the coil arrangement and

Figure 10 illustrates a fourth alternative form for the

coil arrangement.

w
Referring to Figure 1, the apparatus, which is a

magnetic resonance medical imaging apparatus, in-

cludes a tubular electromagnet 1 which produces a
strong uniform static main axial magnetic field in a cy-

lindrical volume 3 in which a patient to be imaged is >5

placed in use of the apparatus.

The strength of the field in the volume 3. and hence
in the body of the patient being imaged, is controlled by
a main magnet field control means 5 which controls the

supply of energising current to the electromagnet ener- 20

gising coil (not shown).

The apparatus further includes a gradient coil ar-

rangement 7 whereby a gradient may be imposed on
the static magnetic field in the volume 3 in any one or

more of three orthogonal directions. The coil arrange- 25

ment 7 is energised by a gradient field control means 9
under control of a computer 11.

The apparatus further includes an r.f. coil system
1 3 which includes a transmitting coil arrangement which

in operation of the apparatus is energised by an r.f. 30

transmitter 1 5 under control of the computer 1 1 to apply

an r.f field to the body being imaged.

The r.f. coil system 1 3 also includes an r.f. receiving

. coil arrangement arranged to detect r.f. signals resulting

from magnetic resonance excited in the body of the pa- 3S

tient being imaged. The detected signals are passed via

a receiver 1 9 to an imager 21 which under control of the

computer 1 1 processes the signals to produce signals

representing an image of the patient's body. These sig-

nal are, in turn, passed to a display device 23 to provide 10

a visual display of the image.

In operation of the apparatus the strong magnetic

field provided by the electromagnet 1 defines an equi-

librium axis of magnetic alignment in the body being im-

aged. 45

To obtain an image of a selected region, e.g. a
cross-sectional slice of the body, an r.f. field pulse is first

applied to the body by means of the coil system 13 to

excite magnetic resonance in the selected region. To

this end the coil system 1 3 produces a field in a direction so

orthgonal to the static field direction so as to tip the spins

of nuclei in the selected region from the direction of the

static field into a plane orthogonal to the static field di-

rection i.e. into the x - y plane with x, y and z directions

as depicted in Figure 1. To restrict excitation to the se- ss

lected region the r.f. field pulse is applied in conjunction

with magnetic field gradients imposed by the coil ar-

rangement 7, the frequency of the r.f. field being chosen

in conjunction with the magnitudes and directions of the

imposed gradients so that the Lanmor frequency of cho-
sen protons in the body, e.g. hydrogen protons, is equal
to the r.f. field frequency only in the selected region.

The r.f. signals resulting from excitation are then

spatially encoded by application of one or more further

gradient magnetic fields in known manner, detected by
the r.f. coil system 1 3, and processed to produce an im-

age.

.
Normally a number of excitation and signal detec-

tion sequences are required to collect sufficient data to

produce a satisfactory image.

Referring to Figure 2 when it is desired to insert an
object 25, e.g. a catheter or a surgical instrument, into

a patient via a naturally occurring passage in the pa-
tient's body, e.g. a blood vessel, the object 25 is fabri-

cated in tubular flexible form so as to be capable of being

manoeuvred around any bends and twists which may
occur along the length of the passage.

In order to allow tracking of movement of the object

25 by use of the magnetic resonance imaging appara-

tus, the object 25 carries a closed loop coil arrangement

27 tuned to the r.f. excitation frequency used in opera-

tion of the apparatus.

To locate the position of the object 25 in the patient's

body an excitation and detection sequence of known
form is used. The location excitation and detection se-

quence also includes spatially encoding magnetic field

gradients in appropriate directions, e.g. in x, y and z di-

rections.

The detected signals produced by the location ex-

citation and detection sequence include an enhanced
component, i.e. a component which is larger than com-
ponents due to the material of the body which are

present in the detected signals, whose frequency indi-

cates the location of the object 25 in the body.

In accordance with the invention, in order to avoid

loss of signal from the coil arrangement 27 as the object

25, andhence the coil arrangement 27, changes orien-

tation, as the object 25 travels through the patient's

body, the coil arrangement 27 includes turns which lie

substantially in non-parallel planes when the axis of the

object lies in a straight line. To this end the coil arrange-

ment 27 is suitably in the form of a flexible printed circuit

wrapped around the object 25.

Referring to Figures 3A. 3B and 4
t
in one particular

embodiment the coil arrangement 27 comprises two
coils which are constituted by different sections of an
electrically conductive track 35 carried on one side of a
thin flexible substrate 37 of electrically insulating mate-
rial, the track 35 suitably being formed using a printed

circuit technique. Figures 3A and 3B show side eleva-

tions of the track 35 from orthogonal directions with the

substrate 37 wrapped around the object 25 and the axis

of the object 25 lying in a straight lineand Figure 6 shows
the substrate 37 laid out flat. The track 35 extends be-

tween two rectangular metallised electrically conducting

areas 39A and 39B on the substrate 37 which, when the

3
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substrate 37 is wrapped around the object 25, have a

layer of dielectric material 41 inserted between them to

form a tuning capacitor of desired value for the coil ar-

rangement 27.

The track 35 has, in order, starting from the rectan-

gular area 39A, a first section 43 which, with the sub-

strate 37 wrapped around the object 25, lies parallel to

the axis of the object 25 (see Figu re 3), a second section

45 which forms a single helical turn round the object 25,

and a third section 47 which forms a second helical turn

round the object 25, overlying the turn formed by section

45. The sections 45 and 47 thus together effectively

form two single turns 49 and 51 in orthogonal planes,

as shown in Figure 4. A second pair of orthogonal turns

53 and 55 are similarly provided by fifth and sixth sec-

tions 57 and 59 of the track 37. The fourth section 61 of

the track 35, which when the substrate 37 is wrapped

around the object 25 lies parallel to the axis of the object

25, serves to space the turns 49. 51 axially from the

turns 53, 55. The seventh and last section 63 of the track

37 serves to connect the end of the section 59 to the

rectangular area 39B.

It will be appreciated that whilst only two pairs of

turns 49, 51 and 53, 55 are shown in Figures 3 and 4,

further spaced pairs of turns may easily be provided if

desired. Similarly, more than one turn may easily be pro-

vided in each orthogonal plane, if desired. Furthermore,

whilst a total of four turns only are shown in Figures 3

and 4, for simplicity, a coil arrangement typically com-

prises from twenty to thirty turns to provide enough in-

ductance fortuning purposes.

It is further pointed out that, for simplicity, sections

45, 47
:
57 and 59 of track 35. are depicted as being

straight when laid Hat, and therefore form helical turns

when substrate 37 is wrapped around the object 25. with

the result that turns 49, 51 , 53 and 55 are not truly planar.

To overcome this, the sections 45, 47, 57, 59 may be

made so as to have an appropriate sinusoidal form when

laid flat.

Referring to Figures 5 and 6, in a second particular

embodiment the coil arrangement 27 comprises two

separate closed loop tuned coils each constituted by a

separate narrow metallised electrically conductive track

65 or 67 carried on one side of a thin flexible substrate

68 of electrically insulating material (not shown).

As shown in Figure 5 and 6 which are respectively

a view of the tracks 65 and 67 with the substrate laid out

68 flat (i.e. corresponding to Figure 4) and with the sub-

strate 68 wrapped around the object 25 (i.e. correspond-

ing to Figure 3A), the track 65 extends between metal-

lised conducting areas 69A and 69B which form with a

layer of dielectric material 71 a tuning capacitor for one

coil. Similarly, track 67 extends between metallised ar-

eas 73A and 73B, with a layer of dielectric material 75,

a tuning capacitor for the other coil.

The track 65 has, in order starting from electrode

69A a first section 77 which, with the substrate 68

wrapped around the object 25, lies parallel to the axis

of the object 25, a second section 79 which forms a sin-

gle planar turn 81 round the object 25. A second single

planar turn 83. parallel to the turn 81, is formed by a

fourth section 85 of the track 65. The third section 87 of

s the track, which when the substrate 68 is wrapped

around the object 25 is parallel to the axis of the object

25, serves to space the turn 83 axially from the turn 81

and the fifth and last section 89 of the track connects

the end of the fourth section 85 to the electrode area

w 69B.

The track 67 similarly comprises five sections 91,

93, 95, 97 and 99 between electrode areas 73A to 73B.

The electrode 73A and the first section 91 are spaced

from electrode area 69A and first section 77 of track 65

'5 by a distance d equal to half the circumference of object

25 (ignoring the thickness of the substrate 68) so that

the electrode 73A lies diametrically opposite electrode

69A and section 91 lies diametrically opposite section

77. Section 93 consequently forms a single planar turn

20 101 in a plane orthogonal to the plane of turn 81 and

overlying turn 81 , and section 97 forms a single planar

turn 103 in a plane orthogonal to the plane of turn 83

and overlying turn 83.

It will be appreciated that whilst track 65 as shown

2S in Figures 5 and 6 provides only two turns 81 and 83,

further turns coplanar with turn 81 and further turns co-

planar to turn 83 may easily be provided. Similarly one

or more turns may easily be provided in one or more

further planes spaced axially along the object 25. Simi-

30 larly remarks apply equally, of course, to the track 67

and the turns provided thereby. The remarks made

above in relation to Figures 3 and 4 regarding the total

number of turns and the required shape of the sections

of the track 35 to provide truly planar turns apply equally,

3S of course, to the embodiment of Figures 5 and 6.

Referring now to Figure 7, in a third particular em-

bodiment the coil arrangement 27 comprises one or

more pairs of turns 105 and 107 whose axes lie respec-

tively in ZY and ZX planes, where XY and 2 are a set of

-to mutually orthogonal axes, the Z axis of which is in the

direction of the axis of the object 25 when it is straight.

As in the case of the first two described embodi-

ments the coil arrangement 27 of Figure 7 is suitably

constituted by an electrically conductive track 109 car-

*s ried on a thin flexible substrate 111 of electrically insu-

lating material, Figure 7 showing a side elevation of the

track 1 09 with the substrate 1 1 1 wrapped around the ob-

ject 25.

In further embodiments the coil arrangement 27

50 comprises turns of saddle form. In one such embodi-

ment, illustrated in Figure 8. a first pair of axially aligned

saddle coils 113 each having one or more turns are po-

sitioned diametrically opposite one another on the ob-

ject 25 alongside a second pair of axially aligned dia-

ss metrically opposite saddle coils 115, whose axis is or-

thogonal to the axis of the coils 113. Further orthogonal

pairs of saddle coils, such as coils 117 and 119, may be

positioned at spaced positions along the object 25. The

4
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coits of such saddle arrangements are suitably consti-

tuted by an electrically conductive track or tracks formed

on one or more thin flexible substrates of electrically in-

sulating material wrapped around the object 25, as in

the case of the previously described embodiments. In

one such arrangement the tracks which respectively

constitute the two coils of each diametrically opposite

pair of saddle coils are carried on different ones of two

flexible substrates, one such substrate 121 being shown

in Figure 9. The two substrates 121 are then wrapped

around opposite halves of the object 25 to assembly the

coils into diametrically opposite pairs. However, due to

the requirement for cross-overs in the tracks, tracks on

both sides of the substrates are required.

As illustrated in Figure 8, to provide a three-axis

system, saddle coil arrangements suitably also include

a spiral coil 1 23 wound axialty around the object 25. The

spiral coil 1 23 may be wound in gaps between axiaily

spaced pairs of saddle coils 113, 115 and 117, 119, as

shown in Figure 8, or alternatively over unspaced pairs

of saddle coils 1 25, 1 27, 1 29. 1 31 and 1 33 as shown in

Figure 10. The spiral coil 123 is suitably carried on a

flexible substrate (not shown) separate from the sub-

strate carrying the saddle coils 1 1 3, 1 1 5. 1 1 7, 1 1 9 or 1 25,

127, 129. 131, 133.

In a still further embodiment (not shown) of the coil

arrangement 27, which is intended to provide a constant

sensitivity, there are three layers of windings each of

which provides a generally planar coil. One coil lies sub-

stantially in a first plane at 54° to the axis of the object

25 when it is straight, a second coil lies substantially in

a plane orthogonal to.the first plane, and the third coil

lies substantially in a plane normal to the axis of the ob-

ject 25 when it is straight. The angle of 54° to the axis

of the object 25 is chosen since this is the angle which

the diagonal of a cube makes with the edges of the cube.

It will be appreciated that, in general, the efficiency

of the coil arrangement 27 increases as the number of

windings, and hence the number of layers of windings,

in the coil arrangement 27 increases. However the fact

that the thickness of the coil arrangement 27 increases

as the number of layers of windings increases can

present a problem.

Claims

1 . A method of locating the position of an object placed

in a region of a body being examined using a mag-

netic resonance technique' comprising: attaching to

the object a closed loop tuned coil arrangement;

subjecting said region to a magnetic resonance ex-

citation and detection examination sequence at the

frequency to which said coil arrangement is tuned,

so as to acquire a detected signal, the sequence

including at least one magnetic field gradient

whereby the detected signals are spatially encod-

ed; and utilising the detected signals to obtain an

indication of the position of said coil arrangement

and hence said object, in said region: the coil ar-

rangement being carried on a tubular flexible former

and incorporating turns which lie substantially in

5 non-parallel planes when the axis of the former lies

substantially in a straight line.

2. A magnetic resonance apparatus for the examina-

tion of an internal region of a body including means
10 for indicating the location of an object placed in said

region comprising: a closed loop tuned coil arrange-

ment attached to the object; and means for subject-

ing said region to a magnetic resonance excitation

and detection examination sequence at the fre-

's quency to which the coil arrangement is tuned so

as to acquire a detected signal, the sequence in-

cluding the application of at least one spatially en-

coding magnetic field gradient to said region to en-

able determination of the position of the coil, and
20 hence the object, in the body from the detected sig-

nal, and the coil arrangement being carried on a tu-

bular flexible former and incorporating turns which

lie substantially in non-parallel planes when the axis

of the former lies substantially in a straight line.

25

3. A method according to Claim 1 or an apparatus ac-

cording to Claim 2 wherein the coil arrangement in-

cludes at least one turn which lies substantially in a

plane orthogonal to the plane of at least one other

30 turn of the coil arrangement when the axis of the

former lies substantially in a straight line.

4. A method or apparatus according to Claim 3 where-

in the coil arrangement comprises two separate

3S tuned coils whose turns substantially lie respective-

ly in substantially orthogonal planes.

5. A method according to Claim 1 or an apparatus ac-

cording to Claim 2 wherein the coil arrangement in-

40 eludes at least one turn whose axis lies substantially

in a first plane including the axis of the object and

at least one other turn whose axis lies substantially

in another plane containing the axis of the object.

is 6. A method according to Claim 1 or an apparatus ac-

cording to Claim 2 wherein said turns are of saddle

form.

7. A method or apparatus according to Claim 6 where-

50 in the coil arrangement comprises pairs of turns of

saddle form at diametrically opposite axiaily aligned

positions on the object with different pairs aligned

on orthogonal axes.

$5 8. A method or apparatus according to Claim 7 where-

in the coil arrangement further includes a spiral coil

wound on the object coaxial therewith.

5
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9. A method or apparatus according to any preceding

claim wherein the coil arrangement comprises one

or more electrically conductive tracks carried on

one or more thin flexible substrates wrapped

around the object.

10. A method or apparatus according to Claim 9 where-

in the coil arrangement comprises at least one turn

which lies substantially in a first plane at an angle

of substantially 54° to the axis of the object when it

is straight, at least one turn which lies substantially

in a second plane which is orthogonal to the first

plane, and at least one turn which lies substantially

in a third plane normal to the axis of the object.

20

25

30

35

40

45

50

55
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Fig.1.
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